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STATIC SURFACE PRESSURES OF THE
0.004 SCALE O49 ORBITER

IN THE LAUNCH CONFIGURATION

By Robert E. Buchholz and Mickey Gemble

ABSTRACT

This test was conducted to obtain wing and lower body surface statie
pressure data for the Space Shuttle o049 Orbiter while'in the launch config-
uration. The purpose of the test was to determine the optimum incidence
position of the orbiter relative to the hydrogen-oxygen (HO) tank and the

optimum radial position of the solid rocket motors (SEM) on the HO tank.

The orbiter was mounted on the HO tank at incidence angles‘of 0 and
-1.5 degrees te determine the optimum‘incidence position. The SRM boosters
were tested at radial positions of 75, 90, and 135 degrees on the HO tenk
to determine their optimum position with respect to the loads imposed on

the orbiter.

The test was conducted in the NASA/MSFC 1h x 14-Inch Trisonic Wind
Tunnel over a Mach number range of O 6 to L. 96 Angle of attack was varied
from -8 to +8 degrees at zero degree angle of sideslip, and at 51deslip

angles varying from -6 to +6 degrees at_zero degree angle of attack.
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NOMENCLATURE

General
SADSAC
SYMBOL - DEFINITION
speed of sound; m/sec, ft/sec
cP pressure coefficient; (p; - pw)/a
MACH Mach number; V/a
pressure; N/m?, psf
Q(NsM) dynamic pressure; 1/2pV°, N/m°, psf
Q(PSF)
RN/L unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec
ALPHA angle of attack, degrees
BETA angle of sideslip, degrees
PsSI angle of yaw, degrees
PHI angle of roll, degrees
mess density; kg/m3, slugs/ft3
Reference & C.G. Definitions
base ares; m2, ft2
EREF wing span or reference span; m, ft
center of gravity
LREF reference length or wing mean
aerodynamic chord; m, ft
SREF wing asrea or reference ares; m2, £t2
MRP moment reference point
MRP moment reference point on X exis
MRP moment reference point on Y axis
ZMRP moment reference point on Z axis

base

local

static conditions
total conditions
free stream



SYMBOL

LLocal

ref

Ps

X:/LLocal

X/L

Y (opeg/2)

SADSAC
SYMBOL

BREF

PHIS
ORBINC

X/L

X/L

THETA

ADDITIONS TO NOMENCLATURE

FOR

MSFC TWT 550

DEFINITION

local chord length.
reference span.

pressure tap location in the
longitudinal direction measured
from the nose and from the wind
leading edge.

pressure tap location 1n the
lateral direction measured from
the fuselage centerline.

radisl positions of the SRM
boosters relative to HO tank.

incidence angle between the
orbiter and the HO tank.

local chord positibn.
longitudinal position.

local semi-span position.

angle measured from vehicle
bottom centerline, degrees.



CONFIGURATIONS INVESTIGATED

Test results reported herein were obtained on a 0.004 scale 0k9 orbiter
model in the launch configuration (see figures 1 through 5). FEach of the
model components tested are listed below. Combinations of the components
tested are shown in Table IIT (Data Set Collations). Dimensional data for

the components is presented in Table IV.

MODEL COMPONENT SYMBOL DESCRIPTION
o1 Baseline O49 Orbiter (including the
abort solid rocket motors) (BLWlLV1lAl)
02 Baseline O49 Orbiter (without the
abort solid rocket motors) (Blwhvll)
TL 346-in, diameter HO tank with 22° nosecone.
T3 346-in. diameter HO tank with 17° nosecone.
s1 156-in. diameter solid rocket motor with

17° nosecone (baseline).



TEST FACILITY DESCRIPTION

The Marshall Space Flight Center lhf x 14" Trisonic Wind Tunnel is an inter-
mittent blowdo&n tunnel which operates by high pressure air flowing from
stérage to either vacuum or atmospheric conditions. A Mach number range
from .2 to 5.85 is cé&ered by ufilizing two interéhangeable test sections.
AThe tranéonic section permits testing at'Mach 0.20 through 2.50, and the
supersonic section permits testing at Mach 2.74 through 5.85. Mach numbers
‘betﬁeen .2 and .9 are obtained by using a controllable diffuser. The range
from .95 to 1.3 is achieved through the ﬁse of plenum suction and perforated
walls. Mach numbers of 1.4k, 1.93 and 2.50 are'pfoduéed.by iﬁterchangeable
sets of fixed contour nozzle.blocks. Above Mach 2.50 a set of fixed contour
nozzle blocks are tilted and translated automatically to pioduce any desired

Mach number in .25 increments.

Air is supplied to a.6000 cubic foot storage tank at approximately -LOOF dew
point and 500 psi. The cdmpressor is ‘a .three-stage reciprocating unit driven

by a 1500 hp motor.

The tunnel flow is established and controlled with a‘servo actuated'géfe
valve. The controlled air flows through the velve diffuser into the stilling
chamber and heat exchanger wﬁere the air temperature can be éontrolled_frbm
ambient to approximatély 180°F._ The air then passes thfough the tesf section

which contains the nozzle blocks and test region.

Downstream of the test sectlion is a hydraulically controlled pitch sector
that provides a total angle of attack range of 20° (+10°). Sting offsets are

available for obtaining various maximum angles of attack up to 900.



DATA REDUCTION

All static pressures were reduced to the form of pressure coefficients
by referencing them to freestream static pressure and dividing by freestream

dynamic pressure:

CP = Local Static Pressure - Freestream Static Pressure
Freestream Dynamic Pressure
P = (P - Po)a

Table 1 lists positions of the individual surface pressure taps. The
positions are non-dimensionalized by wing semi-span in the lateral direction

and by local chord length in the longitudinal direction.



Table 1

ORBITER SURFACE PRESSURE TAP LOCATIONS

Tap No. Liocal |-5Pret

Upper | Lower X/Llocal Y/'Sbref’ ) '((i)rf.a; (i.rl;fa)

- 11 .046 0.0 ' 5.26 2.23

- 12 .092

- 13 152

— 14 228

— 15 .304

- 16 456

~ 17 947 1

6 18 144 282 | 3.306

7 19 .300

8 20 470

9 21 642

10 22 .814 o

3 23 229 .553 1.641.

4 24 515 ‘

5 25 729 l ,

1 26 216 .842 962

2 27 721 } | |




TABLE II.

TEST CONDITIONS
TEST _TWT S50

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. iach) (degrees Fahrenheit)
-6 4.5 x10% 4.0 {00
.9 5.7 6.7
[.0 5.9 1.4
1.1 6.0 7.9
1.2 6.l 8.3
| 1.4¢ 2. j0.3
1.96 .1 16.3
4.96 R S | 3.1 ¥

BALANCE UTILIZED: No baglance

COEFFICIENT
CAPACITY: ' ACCURACY: TOLERANCE:

NF
SF
AF
PM
™
RM

COMMENTS :

MSFC .

Form 263-1 (February 197ii




TABLE IiI. TEST _TWT 550 DATA SET COLLATION SHEET

[e)N

O PRETEST

DATA SET SCHD. | PARAMETERS/VALUESENO. MA ; ] SALLLLLLL
e T CONFIGURATION ,p m ARAME SN CH NUMBERS (OR ALTFRNATE INDEPENDENT VARIABLE)
Lolds RUNSYE .G 1.9 l1olll |12 1dell.6¢ .aoLlll.ﬁlll
R73001|T30151, alo I-.5]15 45 V20| S M |6 | e
002 } oln o s A e
003|/T3025 - | el v
004 P iM.. M Y M..“ T ﬂ,_i “u..:,,_
1= (ki 17 Q31
0os Alo fo.0 21 Ve | S| Via
00¢ oi1A * zl , u_ﬁ »._n: »o...ﬁ
001 Blol-Ls 4 B
008 o|B) ¥ 4 v
004 ¢jojo.0 8 sl
01Q ole [ W
o1lT30151 Alo ] 45 J¥5s 250 | P | 2 P
012]. ol A 35 mm__oq o&.uﬁ ﬁ.ro._ &&
QI3l Al o 90 . 145 || Pt | Yt | e | St
014|__ ¥ fola NasPEaled | 2a 2 | va
oIslT30251 Ao 21 Y | Y| 2em
ole ola 21 S| 2|
017 Al o}-15 21 i
Ql® ola 21 va | V|
019 Blo 4 et
\ o| 8 | , 4 Ve
1 7 13 19 25 31 37 43 49 55 61 67 75 76
FAPN  m/L . P L e ! 03
Mowmmwﬂ ENTS : s={IDPVAR (1)} IDPVAR(2){NDV

SCHEDULES

MSFC - Form 263-2 (February 1872) .
. . )



MSFC -

Form 2863-2 (February 1972)

TABLE III. TEST _TWT 5§50 DATA SET COLLATION SHEET (CONCLUDED) S
O PRETEST
P &POSTTEST
IDea T CONFIGURATION SCHD. } PARAMETERS/VALUES mm MACH NUMBERS (OR ALTERNATE INDEPFNDENT VARIABLE)
ciBiiolds RUNSE .6 | . R [1.O|.} E.N_r:. 1.9¢(4.96
R73021|T30251 clo jo.0lao 8 b
m M POV Y ] 5__
] o022 olef { 6 S
N [
023730151 Alo J.5 A A AT
024 fola. i 3s a5 | S
- [Pd 1 \ "y
025 Alo i35 45 |G| 5a | Y | <k S
02¢ olAa 3580 | | e G |
021 Ajojo.0 45 :.__S s e ;._aa et
kY ol 1)
0% L OJA_E_ sl Mw.ﬁ et Fre1l2an, N
29 A 1%
024|{7"30251 Aje ! YN P Pt R b i1
M..M..D QAL Y 21 o 957 |7
. y - R !
O,NN Aotts 21 ﬁ.u._ e A
| 321 QflA 21 4 .ﬂ_... ‘u.d..
033]7T10151 Alo 75 q 35
¥ | a
Y__034 ¥ 0 AL Y| § { o 1o
1 7 13 19 25 31 37 43 b9 55 61
. &7 75 76
TAPN. _X.\rr. _icP 1, N N 1 £ 1 1 i i o3
COEFFICIENTS: : : : o |
CoEer —sa{IDPVAR(1)| IDPVAR(2) | NDV
SCHEDULES



. TABLE TV

DIMENSIONAL DATA -
MODEL COMPONENT: BODY - B2

GENERAL DESCRIPTION: Basic ovbite, body incledina cancpy
J /

' / . . '
JL\AL/ Moy lr:u_\’r\!o-r L \nouama-
-

DRAWING NUMBER:
| IHEORETICAL ACTUAL MEASURED

DIMENSIONS : FULL-SCALE MODEL SCALE MODEL_SCALE
ERTE
Length 3 1315 in. _ 5.2600m.
Max. width(P.L-_Boy/aau\ - Log/wzoin, 932/, 880ia-
Max. Depth = | 235 in. L9407m.
Fineness Ratio .32 L
Area '
Max. Cross-Sectional
Planform
Wetted Lsefit 168872
Base Projevie 3119 Fr 932 A%
o

11



TABLE IV (CONTINUED)

'MODEL COMPONENT : w4
GENERAL DESCRIPTION: _Double Delde Wine
J

DRAWING NUMBER:

DIMENSIONS: : THEORETICAL ACTUAL MEASURED
TOTAL DATA ' FULL-SCALE MODEL SCALE  MODEL SCALE
: oY% R
Area (e
Planform Bestc/Glove 3920/1i97 £+ g2 /2Nt
Wetted RCxuc/Slove 493 /eis £3.% pye e
Span (equivalent) 1S iA. §.4L2 .
Aspect Ratio Bssic/Glove 2.58/:.9 2.6/1.9
Rate of Taper - -
Taper Ratio Besic/Glove 8ol anl G.2% 5l
Diehedral Angle, degrees i 7e
Incidence Angle, degrees L5 _1.5°

Aerodynamic Twist, degrees
Toe-In Angle -

Cant Angle - -
Sweep Back Angles, degrees
Leading Edge B«sic/Glove _35°/75° 35°/7s°
Trailing Edge ~19.¢° -148.¢°
0.25 E]ement Line ' - -
Chords: 4
Root (Wing Sta 0.0)8/6¢ 34 7/720 in. 2.944/2. 970 .
Tip, (equivalent) 14 im. R.S83
MAC Rasia S07in. XN
Fus. Sta. of .25 MAC - ‘ -
S.P. of .25 MAC- - . -
.L. of .25 MAC AR i
Airfoil Section L a-3e¥
Root Q008 -t oYYl TR
Tip DoQA-Lé S -
EXPOSED DATA | Q0B -ed
Area Besic/Glove LZ&S;A&-ALQ’-z 2.%06/0623%,42
Span, (equivalent) 453-Sin. 1 RIE im-
Aspect Ratio - -
Taper Ratio - -
Chords .
Root Basic/ Givve QLe.87/9048in. 2507 /1.C190n.
Tip . 147 in. 0-S8%in-
MAC ' - -

Fus. Sta. of .25 MAC -
W.P. of .25 MAC
B.L. of .25 MAC

—

‘ 12

MSFC - Porm 263-8 (February 1972)



TABLE IV (CONTINUED)

MODEL COMPONENT: Vi1l

GENERAL DESCRIPTION:

. / '
Tuzin V'&f‘-\'ga' ‘h-”s IT‘Dimer«g.':hg er e -ﬂ,v o

Sivale nene ! \
} 1
DRAWING NUMBER:
DIMENSIONS: THEORETICAL ACTUAL MEASURED
TOTAL CATA FULL-SCALE MODEL SCALE MODEL SCALE
o0
Area '
Planform - -
Wetted 815 €1.* L2l in®
Span (equivalent) - -
Aspect Ratio - -
Rate of Taper - -
Taper Ratio - -
Diehedral Angle, degrees s 152
Incidence Angle, degrees - 0° a®
Aerodynamic Twist, degrees 2° o>
Toe-In Angle e’ [old
Cant Angle 18° 15°
Sweep Back Angles, degrees :
Leading Edge $5° 437
Trailing Edge o 20°
0.25 Element Line - =
Chords:
Root (Wing Sta. 0.0) - -
Tip, (equwalent) - -
MAC e -
Fus. Sta. of 25 MAC = -
W.P. of .25 MAC - =
B.L. of .25 MAC - -
Airfoil Section
) Root L wed 2 /40 i (,o/ )
' Tip . 5’2“{% w[65/40)
- EXPOSED DATA e/ L—S‘M)
Area Ls0RE 260 H.*
Span, (equivalent) _2&0 im. 1240 in.
Aspect Ratio : L.l .
Taper Ratio o3y . 0.35
Chords ' ' .
Root 230 iv- 0.910in
Tip : N 0.322. .
MAC ' - -
Fus. Sta. of .25 MAC - -
W.P. of .25 MAC =
B.L. of .25 MAC - -
13




TABLE IV (CONTINUED)

MODEL COMPONENT:  BODY - A1

GENERAL DESCRIPTIONZ Q‘iob—"“ SfRM ‘Q'_;;lt, . CQ\'\ e Cniia ;/(/*. Lo fia e

s © !

22.5° kA< :;.ng‘/c Arse Cone . Rociret nozzle fs oo 12.5°

4. . ' i : / -
tone. . Nose pezdive i .53z mwmpde | seaic 1./ R f;!/

SCe le .

DRAWING NUMBER:

THEORETICAL ACTUAL MEASURED
DIMENSIONS : FULL-SCALE mn(%oicALE MODEL SCALE
Length 342 in. L3S 5.
Max. Width , L2 im. UG N,
Max. Depth - =
Fineness Ratio . S5.52 5.5
Area
Max. Cross-Sectional L2.3£12 0815 int
Planform - -
Wetted - ol
Base . -

1k

MSFC - Form 263-6 (February 1972)



MODEL COMPONENT: BODY - T1

GENERAL DESCRIPTION: Hydrogen-Oxygen (HO) Tank With 22° Nosecone.

DRAWING NUMBER

DIMENSION: - FULL SCALE - MODEL SCALE
Length ‘ 1876.75 in. 7.507 in.
© Max Width - W6 4n 1,384 in,
Max Depth ' - ' 346 in. 1.384 in
Fineness Ratio : . 542 5.42
Area _ | ' '
Max Cross-Sectional - 652.95 £t.°2 1,50k in.?
Planform - B '
Wetted : - _
Base - 652.95 f£t.° 1.504 in.2.

15



MODEL COMPONENT: BODY - T3

GENERAL DESCRIPTION:  Hydrogen-Oxygen (HO) Tenk With 17° Nosecone.

DRAWING NUMBER

DIMENSION: FULL SCALE MODEL SCALE
Length : 2031.75 in. 8.127 in.
Max Width ‘ ' 346 in, 1,384 in,
Max Depth 346  in. 1.384 in,
" Fineness Ratio 5.87 5.87
Area
Max Cross-Sectional 652.95 £6.” 1.50k in,”
Planform - -
Wetted : - -
Base 652.95 ft.° 1.50k in.?

16



TABLE IV (CONCLUDED)

MODEL COMPONENT:  BODY - S1

GENERAL DESCRIPTION: <niin ROCLET MOTHP

DRAWING NUMBER:

| THEORETICAL ACTUAL MEASURED
DIMENSIONS : FULL-SCALE MODEL SCALE MODEL SCALE
Length |“‘l4‘s VAL .92 in.
Max. Width IS0 im. 0 .0ld in,
Max. Depth 1S ivr. 0.628& iw.

Fineness Ratio TP .37

Area

Max. Cross-Sectional iSZ..S £y Q 3oLint

Planform - =
Wetted - -
Base 1nz.g F42 0.-3Dbin.

17

M3FC - Form 263-6 (February 1972)
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TABLE VI.

.-INDEX OF DATA FIGURES

FLOT

PARAMETER CONDITIONS ,
TITLE VALUES TYPE VARYING PAGE
) ?s
T301S1 Fuselage Pressures -1.5 75 CP vs. X/L Alpha, Mn 1-15
T301S1 Fuselage Pressures Beta, Mn 16-25
730251 Fuselage Pressures Alpha, Mn mmuwH
-1.5 Beta, Mn 32-37
0.0 Alpha, Mn 38-43
0.0 Beta, Mn hh-h9
-1.5 Alpha 50
-1.5 Beta 51
0.0 Alpha 52-53
T302S1 Fuselage Pressures Beta - 54
T301S1 Fuselage Pressures Alpha, Mn 55-6k
75 Beta, Mn 65-Th
90 Alpha, Mn 75-84
T301S1 Fuselage Pressures Beta, Mn 85-94
T30251 Fuselage Pressures Alpha, Mn 95-100
0.0 Beta, Mn 101-106
T302S1 Fuselage Pressures -1.5 90 CP vs. X/L Alpha, Mn 107-112 .

19



TABLE VI. (CONTINUED)

PARAMETER PLOT CONDITIONS
TITLE VALUES TYPE VARYING PAGE
ic. [ ¢s
T30251 Fuselage Pressures -1.5 90 CP vs. X/L Beta, Mn 113-118
Alpha 119
-1.5 Beta 120
0.0 Alpha, Mn 121-122 w
T302S1 Fuselage Pressures 0.0 Beta, Mn 123 |
ewOHmH Fuselage Pressures -1.5 Alpha, Mn 124-133
90 Beta, Mn 134-143
135 Alpha, Mn 144 -153
-1.5 Beta, Mn 154-163 w
0.0 Alpha, Mn 164-173 W
T301S1 Fuselage Pressures Beta, Mn 174-183 |
730251 Fuselage Pressures Alpha, Mn 184-189 M
0.0 Beta, Mn 190-195
-1.5 Alpha, Mn 196-201
T30251 Fuselage Pressures 135 Beta, Mn 202-207
T1.01S1 Fuselage Pressures 75 Alpha 208-209
T101S1 Fuselage Pressures -1.5 75 CP vs. x\h Beta 210-211 M

20



TABLE VI, (CONTINUED)

. PARAMETER PLOT CONDITIONS
TITLE VALUES TYPE VARYING PAGE
i, [ %

T30151 cwwmw\bosmu. Wing Pressures -1.5 T5 CP vs. .x\ov Alpha, H\? Mn 212-241
T301S1 Upper/Lover Wing Pressures Beta, Y/B, Mn 2i2-271
T302S1 Upper/Lower Wing Pressures Alpha, Y/B, Mn 272-289
-1.5 Beta, Y/B, Mn 290-307
0.0 Alpha, Y/B, Mn 308-325
0.0 Beta, Y/B, Mn 326-343
-1.5 Alpha, Y/B 3hh-346
-1.5 Beta, Y/B ., 347-349
0.0 Alpha, /B 350-355
T302S1 Upper/Lower Wing Pressures Beta, Y/B 356-361
T301S1 Upper/Lower Wing Pressures Alpha, Y/B, Mn 1362-391
75 Beta, Y/B, Mn 392-421
90 Alpha, Y/B, Mn Loo-L51
T301S1 Upper/ILower Wing Pressures Beta, Y/B, Mn L52-481
730281 Upper/Lower Wing Pressures Alpha, Y/B, Mn 482-499
0.0 Beta, Y/B, Mn 500-517
T30251 Upper/Lower Wing Pressures | -1.5 90 CP vs. X/C Alpha, Y/B, Mn 518-535

2l



TABLE VI. (CONCLUDED)

PARAMETER PLOT CONDITIONS

TITLE ___ VALUES TYPE VARYING PAGE

i, Ps

T30251 Upper/Lower Wing Pressures | -1.5 90 CP vs. X/C Beta, Y/B, Mn 536-553
Alpha, Y/B 554-556
-1.5 Beta, Y/B 557-559
0.0 Alpha, Y/B . 560-565
730251 cwumu\bosmw Wing Pressures 0.0 Beta, Y/B 566-5T1
T301S1 Upper/Lower Wing Pressures | -1.5 Alpha,Y/B, Mn 572-601
90 Beta, Y/B, Mn 602-631.
135 Alpha, Y/B, Mn 632-661
-1.5 Beta, Y/B, Mn 662-691
0.0 Alpha, Y/B, Mn 692-721
T30151 Upper/ILower Wing Pressures Beta, M\w» Mn T22-751
T30281 Upper/lLower Wing Pressures Alpha, Y/B, Mn 752-769
0.0 Beta, Y/B, Mn T70-787
-1.5 Alpha, Y/B, Mn 788-805
130281 Upper/lower Wing Pressures 135 Beta, Y/B, Mn 806-823
T10181 Upper/Lower Wing Pressures 75 Alpha, Y/B 82L-829
T101S1 Upper/Lower Wing Pressures |-1.5 T5 CP vs. X/C Alpha, Y/B 830-835

22



Note: All dimensions in
inches {model scale)

Fig. 1 - Baseline Launch Vehicle



§, (sym)

NOTE: All dimensions in inches
{(model scale)

(sym)

Sta.
5.260

Fig. 2= General Arrangement, Space Shuttle 049 Orbiter
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Note: All dimensions in inches (model scale)

.332R

17°

— 1.001

6.012 >

h N\_oowwu
242 .600
» 6 f.*
—i 600 le]—

Engine Nozzle

Fig. 3- 156-Inch Solid Rocket Motor
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NOTE: All dimensions in inches .
{model scale)

.048R
17° A—
1.384
Y

Fig. 4 - 346-Inch Diameter HO Tank with 17-Degree Nosecone
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Numbers in parenthesis are on the lower surface

o—o— - o—0o—o

(16).

Fig. 5 - Static Pressure Tap Positions

(15) (14) (13) (12)(11)

e



MSFC _ TWT 540
APRL 28 1972 RUN 45
CON F1G _.
1,0

Figure 6. Typical MSFC 1lkx1k-TInch Tunnel Installation for Pressure
Testing of O49 Orbiter in the Launch Configuration
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